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<'i;..4A~,SL#*4RY 4OF RESULTS .

4 4 THrORETICAL rOPR1ULAE HAVE BEEN bERl VEDý SHOWI NGL THE ELASTI1C
~~~ K:j~ Sl BHVOR tUNDEP UNIFOPM PPESSUIRE.07 CItRCULA4;C`YL.INDERS COMPOSED)

P :O~ F- 'tHPtt'El 'v0Et 0F MATERIAL. THE FIRST IS AkMATEPiAL CHARACTf.RIZEO: BY~, .. 4

Mi 1~ITAR iSTRPI SRESS-TANAW IN THIS CA$E FORt4ULAE ARE

DER I V ED FOR THE EAVQorACVlftNDER UNQ)ER: THE RELATIVELY CcOLtX
OF' DEOMI HER ýýCCNSIDERED FPC*$- THE SIMPLE STRESS-STRAIN

uvx-rTEMA'T? IN TENSION. TH E*N NLt DTYPES OF

_wTv I A -coNs.iDcot ARE FART ICU.LAR CASES OP THE ABOVE; NAMELY*,A
I0VJA34 ITH ft-, tj'A t-J-iAmCENUNG', ANC A MATEtfAL WITH CONSTANT $R1

!HARDENI NG. -

FO 'Q)EACH OF THESE, THRIV E MJ'TEIALS ALL STRESSES AND STRAINSý AT Ai
*PIT WAY BE-001PUTED-IN TEPPS OF et,, THE TANGENTIAL 13R TRr,~

THE A*tL STR A IfN, Pb THE EXTERN4AL APLE $~3URE, W, THE, RATIOL Or.

I.7-A O'TSIDE DIAMETER -0 INITIAL INS IDE DIA ý,ETEAO H RAIL

DISTANCE OF THE POINT DIVIDED lY 14'E B0RE RAD14 C. kNPRIUATHE

PRESSURE PAtTORS I .E., THE PATO 1 OF THE-PRESSURt..DiFFERtNCE T0-:T-RE Y IELD
* STRESS, THE--OVERALL AXIAL FORCE,, ANDý,rHE FLOW FACTORi I Eý.-i THE RATIO

I1N :1NCREA~f' OF I+N$1-1).DIAD4CTER TT) INCREASE OF' OUTSIE D AMETER*MlAY E K.
FOUND FROM fORMULAS,.,*, , (25p 6),p (30), AND (32). 1

A 1IN RDER O OBTIN T E CAS OF A CYLINDER YIELDING ON~LYARIAL

-THE C. -ESPONDING SOLUTION 'FOP THE ELASTiC DEFORMATION OF A CIRCULAR
CYLINf7CF' IS CON51 RED A ' -METHOD I S PPIf4NT D FOR MATCH I-NG TH-1J 5,

ELASTIC SOLUT jjýN'T6ý ANY THE PPECEDING PLASTIC ONES. AL-L STRESSES

AND STP4I+NS IN--BOTH TH. -ELASTI-C AND PLASTI-C PORTIONS OF THE PARTIALLy

(4ZELD F, CYLINDER MAY 1 .PEAD I'LT tOUND FROM THE, FORMULAE PRESENT.ED.

2.. Z;RAPHI:CAL 0F L IC-ATIVONS OF THESE FORMWLAE WILL B3E PRESENTED-

IN SU&5EQJENT REPORTS.

ENGINEfR

~, ~, .JR. ENGIUNEEP

COILONE4. ,jrsu .. L,

?ýq ECTQZ F ý10,QPZTORY



-TAKLE *Or CONTENTS.

OFOftLA

GLOSSARY OF SYMBOLS EMPLOYED'

1. GENERAL PLASTIC STPESS STRA-IN RELATIONS.

EQWILI1601 UM EQUAT )ON% **(i

INCQMPRES 1 1ITy CQUAT ION.()5
STRESS-STRAIN EQJAtION* () (4),p~ .

2. T Ht COMOLETE YIELbI'NG OF CIRCULAR CYLINDER$

STRAIN EQUATI.ONS .

AS A FUtiCTION OF RAD'IUS 8
~ ., .. ~ "S [AN DIUEF-RENCE EQUATI 0145

ASý A FUNCTION, QF RAD IUS()
AS A ýFUNCTION OF DI1STOR TION SThýA IN-(3

*~ ~ I .DSTORTION STRA IN
*AS A'FICTIONOF; RA-OI US tl. ADZ

* . . STRESS.-DI FFE'REcCE EQATIONS. 
-

AS A PUNCT ION OF DJ$STOPTIONSTRA~ (~
- RADIAL STRESS .

7 - - FORMAL 'SOLUT-ION N -

- , ~~CON~STANT YtELDJSTRESS (5
COSTN STTRAI4NHARDENING '.9

PRE.SSURIE-FACTOP
FORM-AL SOLUTION. . . . (7
CONSTANT Y IVLDý STRESS(2)

CONTAN SRAIN HRIENING 3)
AXIAL FORCE. COEFFICI-ENT.

FOR SOLUTI:ON (9;(ia-J
CONSTANT' YVIELO STRESS 26
-CONSTApJT STRAIf HARDCN.ING, .- ~

AXIAL CONTPACTIO,6
TO, BE FOUND, FROM F*' =0

.7THfN' WALLW CYL INDERS,(S
ý3. THE OARTIAL YIELD)ING OF CIPC'JA~y -NIDR

* , ' BORE. STRAIN USgD AS BA S F OR, C1*PUTPING

~~ - ~ ~U N X r O N ( 3

1 41,~

e- 
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INTOCI ON

PREVIU 100I OR NCOCONE0 WRTH THE* MATHEMATICL THEORY OF
THE PLASTI FLOW. UF HOLLONf CYL* MNRS UNDER U bt4 INERNAL AND) EXTERNAL

PRESURES, HAS SEEN. bENEtPALLY BASED) UPON; THEt ý$SUPTJON- THAT THE CYL 110CR

MAINTAINS A F IXED -LENGTH DUING THE DEFORMATION.. COMPARISON Or THE RE-1

SULTS OF'THIS SIMPLIFIECD TH4EORY WI TH WXER-IMENT. SHOWS A SJGNIFICANT 01$'-

CREPANCY IN MANY PIOACT I CAL- CASES OF IMPOTANE TH RESENT fNVIEST I GA-m
:~ ~ ~ ~ ~~K TON EE liETtN 'WITH ME~ OBJECT 'OF DER"IVNG FORNIICFRT~

STTRESSES AND DEFORMATIONS ALLOWING FOR'CHANGES 1N CYLINDER LEW?.R-ffi.

* RET AN4G ONY HE SUMPT tQN THAT THE LONGIltIpINAL EXPANSION OR. CON-

TRACT ION REMAIN THE SAME THROUGHOU TEYLNDER. THESE. FORMULAIEp

0., 4, EXPANDED 'AND' EXPRESSED' IN, GRAPHICAL FORM 'I N LATER 4REPCRTS, WILL'MPFOVtIDlE

IMPPOVED-CALCULAT ION. ýMTHOOS fOIP: N

I.* Des IiA INORMAT IONFO COLDWRK ING -OF T8S;THE.
EFFECT OF ACHANGE IN THE RtATIWOQF YIELD TO TENSI LE

A, S NTH 3JPOt4 PRESENT DESJ~q DATA.;ý RES IOUAL- STRESSE
AFTER' cotbwopi

42 2. THE ALLOMABLE: DEFORMT I ONSý AND STRENGTH OF WNS AND
'SHELLS IN FIRING; TME' NECIAN-IS#4 OF, BURSTING)

3. FUTURE SPECAL IZEC) PROBLEMS -UH AS CLIE
-. IMTERNAL AND, EXTlERNAL LQ*OS.

THE D ISCSST0ON ft THIS, REPORT IS DEVOTED J ~AH#A1A

ANALYSIS OF:..

L., GENERAL PLAST IC tTRESSSTlR.A1 I RELAT I(NS

V4  2.THE COMPLETE YIELD ING 'OF ;11RCULAR: CYLliNI)RS.
43. 'THE PARTA YIELDIN 07 C-IRCULAR, CY'LINDERS

wP * 4'



7 ~~t. ENERAt. PLAST:IC STRESS-STRAt EAIN:

THE FOLLOWING ASSUMPTIONSWIiL :9E MADE:
*THE*MATERJAL IS 'CONSIDEPED TO FOLLOW THE 'VON MOSES cowI,orm-,ow~

AS EXPRESSED, IN EQUlATIONS (1) AND (4)', AND THE CONDITION1WO
I NC MPR tSS)I1BfL 'I *TY, kI1ltE UNOME LOADIING BEYOND, THE YIELDPiN,

B.LwTHE YIELD POINT, AND 3 EOEYDURING UNLOADING, THE
ýMATERIAL WILL ýBE ASSUIMEDý T#,'FOLLOW moC5KE'_S LAW'WITH CompRjESS.-
*IBaIL i-TYCONIQECO

L "t
b ALL, QUANTITIES .ARE SyMMETR.ICALL ABOUT THE LONGITUDINAL AXýIS OF7 THE CYLINDER

cAL.L QUANTITIES-.ARC INDEPEWIIENT PF POSION, ALONG THE LENGTH
* ~OF THE CYLINDER.

d TE LNGIUCIAL\ ~ e,,e, IS A CONSTANT THROUGHOUTTH
Uifb~OLE OF THE CYIE;AW~ALL PLANE. C'ROSSr SECTIONS RMAI1,N
PLANE DURING THE' DEFORMA.TION.

~.THE APPLIED' INTERNAL AND EXTERNAL PRESSURES:ARE ASSUMED.
UNIFORM, ANb THE LONGITUDINAL FORCES APPLJED AT THE- ENDSOF THE CYLI.NDlER ARE ASSUMED TOý BE. SO -D) STRI8BUTE15HA
ASSUMPTION~S b C' d, ABOVE.,-ARE VALID.

LET r REPRESENT THE RADIAL ISpC OF A GI1VEN PO(INT FROM THE
INPCLAXIS, ANSLT-t, t tb e AND w, BE THE TANGENTIA1
,AND AXIAL STRESSES AND STRAI.NS RESP'ECTIVELY. CYL INDRICAL,

C PN A.TE PLANES ARE THE PsINCIPAL PLANE' FSRS N TAN SOý
"Ar L HEPNG !,TRESSES: AND STAN COSTEEPAE ANISH., BY.

-4 ~LWPATI1ONS ABOVE, ALL QUANTITIES ARE FUNCTIONS OF r -ALONE, AND
Of '"iC, UELIAL THREE E;U.ILIBRI-UM EGiJATION.S FOR' STRESSES ONLY Oý E: RIMA INS
TO SE 5ATISFfIED: 

-

dr

FOP PLASTIC DEFORIWAATION UNDER LOADING,, THE EQUATION OF I NCOt4PRE-SS&ý
CIBILITY MUST BE'SATISF1IED:

et + e,. + ek 0

00

a 
<'~ N

50



IN ASMLE. TENSON TEST THERE' 1S A DE.FINI TE rUNCT17ONAL RELATION

11E1$MEEN TH4E STRAIN AM' THE CORRESPONDING STRESS. IN A COMPLEX, STATE

OFVRESS ANOCSTRAIN 'SUCH- AS IS PRE.SENT, IN A YILIGCYL NOER

SJMJ4IR RELATI.ON -BETWEEN TWV ANLGU ~NTIT ,IES OBTAINMDFROM THE'

leCOW ECN) SYSTEM OF Sl RECS'E AND STIRAd'NS MAY BE WRITTtN! _LT

*r) s=. ( S3a)

~~~ ~AND4tst S) CS. (S-

AWHERE THE POS-ITIVE -S IGNS XF THE RADICALS ARE To BE TAKEN. THE FUNCTIONAL

RELAT40NSf-IP BETWEEN TH~ESE TWO WUANT IT!ES MA-Y BE EXPRESSE15 BY

s= (eY()

THE COP,^TANT FACTORS IN (3a) AND (3b) HAVE.BEEN 30 CHOSEN THAT S

I'S THE SAME FUNCTION, OF e THAT STRCSS IS OF' STRAIN IN A SIMPLE4-ENýION

TEST or ,HE MATER IAL. THUS I'T IS POSSIBLE IN FAT R Wrf4LAE TO $S.B

STITIJTE 7Er4S[ON TEST' DATA DIRECTLY.

~ A- -.. TV), (UA ONS 'MAY' BE- WR ITT EN RELAT.ING THE IDVDA.SRS N

STRA IV COMPONENTS (ONLY ONE OF WHICH4 1S AN INDEPENDENT CONDITION,

14CV.VER) . -

at eu,. e. P2 ýey et

:7HE RATIO, INTPOOUCED I-N (4 ý"WftLL IN GENERAL. VARY FROM POtNT TO
PONI 4-; MATfEPI AL; HO~tVER, IT MUS$T BEt CONSIDEPED AS IRNSCALY-

PCSIT:-V6 THE M.1TR IA.L 4$5 TO DEFORM IT A N THE DI-RECTI-ON OF' LOADING-.

*~3a) (1b-) A NO 4s): IT ZOLLOWS3 T HAT

32~~ 2s -'.~: 1V~(S_

(r ee.- er)221
et-e'r' - et e~ej.. ~ ,

)?. e 2 ( .)
"et ei..ta 5

WH4ENCE :.*t - S, 2(Sae)
0et - e. ~ e

IA. INADAI,.. ON Tl4 MECHAN.ICS Or THE PLASTIC STATE bF METALS, ASME

Y1FANSACT tON-5. 1930 ýV I. 1

4 V6



?~THE CONPLEtE'ý-YIlELDIhOG"OF CtIRCULAR CYLINDERS -

If AN. 1INTERNAL -PESSURE IS, RDUAL LYL 'APPLITED, TbA CYL INDER,# STARTJ'%-G
F*ROM AN UNSTRESSED'TT, THNA IS W HEVOLE q.L1NEWILL _

D~rOREDELASTICALLYl. AS THEi PRESSURE INCREASES THEtMORE HIGHLY "t

* STRESSED INNER -PORTION WILL YIELD 'PLASTI-CAL-LYs, WHILE THE OUSlDE SIl

REMIN EASIC TE h~ RGINSWILL BE SEPARATED BY A CLNDRICAlL

BOUNDAR-, FOOMING, IN EFFECT,0 TWQ DIST'INCT TUBES. A'0M.E S7ILL MmcL.
'PRESSURE 1S APPLIED, TH1E INNER REGION WILL INCREAS rNT LFILL

THE W4OLE TUBE IS IN THE. PLASTIC STATE.. THE INTERMEDIATE STATE )IS

TERMED PART IAL YIELDING, I:N CONTRAST LTO THF FINAL SPTATE- OF' COMPLETE

YIELDING-;

THECAE'OF COMPLETE-;YIE.LDING WILLFRTB REEDIWIC ,.

ONLY THE A~PROPRIATE SOLUTIONS OF TH-C: GENER~AL PLASTIC STRESS--4TRA IN,

RELATIONS NEED 15E FCUNO. IN PARTIAL YIELDING, H4OWEVER, THE SOLuTIO

y 'FOR THE ELASTIC CYLINDER WILL BE OBTA INED SEPARATELY,., WHEREUPON. I T.

~MAY BE MATCHEtD WITH THE EARLIER: PLASTIC. SOLUTION'SO: AS TO MEET ITHE

CONDITIONS OF'THE PROBLEM.

A. GENERAL FOF4MAL SOLUT ION- FOR-,MATER.1AL -WI TH AN ARBIrTRARY ISOTopIc# _ _

STRESS-STRA 1*LAW:

LET ~r) BEIE RDIAL DISPLACEMENT OF A POINT DURIGTE.

DEFORMATION. THEN,-
* U, dUa. 2 ARBI" TRARY CONSTANT(6

et= ,rS A

4THE INCOMPRESSIBILITY REL:ATION, THEN 13ECOMES

dU U_U o
* dr r

SOLVINGC (7) FOR 'U(r), AND LE TT ING et THE. TANGENTIAL STRAIN AT

THE BORE RADIUS ( ,Ru-,AND. f.= THE, STRAINS pAY B -

:WRITTEN.

2 By iSOTPIDPY I T IS MEANT' ONLY TH4AT .TNE INITIAL -RPRISor N T*
-:RE J"IDPENDN DV:MCTIfON.



TH TAINDFRENCES 11AY. TH9EN, BE WVRITTEN

*et -e1 Z=0 (2 + LI)

e et 2++39
ý2

FROM,, Wi#*H e MAY BE I ?*4EO)I.ATELY CC14PUTE~p I N 'TERMIS (dF R.ý

e 2
Al T1 NG f (c

Q-, + 6)z P,

FROM (9) 1IT IS5 EV) DEN7 TH~AT THE S I G CDF et 0 RENCE OF

q, -- N)HNCEf Of d~ I 5, T14C SAME 'I4RDCtjr4O7 'THECLDEAO

4DEPENDS ONLY UPON T.64E 513 NS OFý et-a AND Offý a I F THE CYL INDER

VS. -UNZ)ER LONG It JD INAL f ENý I oN, 'WIfTH NO 1-Q*FRN5AL-AtqDi EXTERNAL PIOESSURES9

LF 2n0 6=2 QR e-~- e, AS WCULD BE EXPIECTED FOR. A MATERJAJ. Wl TH

POISSON'S -RATIýO OF 0.5. FOR T4E CASE WF~IIR NERESTO, BOREEX-

% ~~PANStIYNJAN U VEER ýERNAL. PRE.SSUREO et'a WILL 31 0,1POSITJYE.D AND :#,i i41t-I BE

V) GREA.TER T'IAN 7THIS- VALUE O)F -2. I.T WI LL ýX ASSUMýeD, THiEREFOR J, THAT

BOTH~~. et 9NO ARE PO I TI1VE THROtJG-IOV TH-E 'RESTOTISEOR. . -

THE DEVELOPMENT IS 1I'J1Nf.O SETNSE LIMI TED 87-r*-$ISAS$ýOMT ION WUT MPArY

BE APPLIED-TO T14C MOST IFNERAL CIASE (TNAT.IS, rOP ANY COMBINATION, OF

INTERNAL OR EXTERNAL PRES'SUREc$ OR' TENSIONS) WvI THl ONLY MINOR'C#WANES7- '

IN SIGNS.I

THE STRAINS _(HENCE e, ANDVl HAVE NOW, SEEN £XPRESSEC AS-

_-4~QN VR. THUS FlQOI4 (jANDý,,5s) rIsEVDNTHTSAD

~Tk.AN, DO THIS OURECtLy 9 iT Wit' B CORE COfIE*rIE TO' EMLOtY VWAS. TII

I INDEPENDEN VAR IALEt. 'R WILL-THEREFORE BE, MIPESSED AS A 'FUNCTION ('

OF a' FROM (10a,). THUS

2' 2 +6, 2
_R O~2 0 t)5'



Se"

fROM: THEREIFORE,

- avl P j22)1/2 A-

et, -e t 3 .p~*

Sr 35t -r3(42

1ý1 /2

ISl~ . 1 75

WN~P ~b H~ ErE~A RSUEO H YIOR.bSTEVLEO

s-t

wimTHEE 6ARREO* STRAI ERESSIfONSS RELAYIV STANOWSE HAVED' BEENIN-

FROMOIJCI THA (1, STA~bIN P'EGRAN UNOT H OF UTE',CXASIDE*L 0 THE: UCtI

R,. HWEVETO, DPOINDS ON TYl-ElTOTAL EXETOITRITAGVE ON,

RATHR THN UON SCH RELTIVSTRAN.
s- 0R

S, o

ýp4.1-,

wA



* ~ S~~ON' TH CYI RMY' BE :COMPUTED READILY FROM

( I). LEUMIN 0. SE THE, I NTERJ OR PRESSIJE, -AND d404RE

22 ~ ISTHE 4 LOsr OFTHE* wAiTER IAt, IT FOLLOISý THAT

~b 9 -

TO COPTETHE TI3TA 'L.ONGITUDINAL! FORCE OPERAT ING OVUR THE, ENDS

07TE'C~INES~ MUST BE INTEGRATED OVER THE CYLINDRICAL ClS

STIr.LET IF BE THE' TOTAL E SEFORCES, ADE

TS N

y

SUBSTITUTION, fROM (12) AND.:(14) GI1V6S, THEREFORE,"

#(e) -,3 (62(2r9

THI'S EXPRESSIONIMAY BE SIMPLIFIED BY.INTEGRATING THE TERM.IN S9 BY PARTS.

SNTOE AB9OVE DEFINPTION r-OP P?ý_"I THE RELAT I ONS (FROM ti) 0.

"1 -L ~ &Jr zANDW 07#

TOS SMPLIF Y THE INTEGRATED 3TERAS, THE 'F INAL EXPRESSION MAY BE OBTAINED,

Wetb (two)

FATO4ROUGH ) COSVRTIO S,* (6), PATIO R etb T S? VNR ALUE OF T Et ATD RIAMETER

Wt = tb)

EXAMIH CNATERTIO N OF THE -VJA HU A BALUED OF~ etHAt ReW0
"eT.,AN (6ARE WEE ..tb 5

EAIA.4OF PATA ILIGTOHE FO'LCJSSED LHSATROT E kOSTA tez

-I 
o 

-



6,. SQLUTIO -O AEIL ILIGUNDER, CON5~rANT STRESS'

IN THIS CASE,,THE rUNCTION 51(e) ISI~ ITS. SIMPLEST FOW;, NAK4LY'

, s(.) =A CONSTANT YIELD STRESSS% .I~)4

THE FORM4JLAE FOR Sr F*, AND P* MAY THEREFORE BE EVALUATED ANALYTICALLYý

,FROM THE INTEGRALrf'ORMS. (15), T). All) 19a) T HUS,. FOR, S ISr OBTAI1NEE) '

AN EXPRESSIN013 EQUIVALENT TO ONE GIVEN BY NAoAj, AND Ulbt* I

7 ~S P.~b +,S [COSH-l(~ - COSH1 ' 1,(l

FOR, Pf*

I*.~ cos-(L-. 1 .c.' 2Ssw2

AND FORF* -

F+.  b + W'L/ ,e-

SINCE THE FLOW FACTOR DOES NO0T'DEPEND UPONI 01E ARIfI CULAROR(

ASSWRED FORTHE STRESS!-STRAIN LAW OF THE MATERIAL, U ONLY UWON THE

INCOMPRESSIBILITY As EXPRESSED THROUGHý THE' STRA-INS, THIýS QJA4NTI.TY WtLýL

HAVE THE SAME.VALUE-(22 AS BEFORE.-

FOR A. GIVEN' vALUE 0 EXTERNAL PRESSURE, THEl EQJATJOMf P 0 GI",Vts_
ARELATION BETWENU ND W. THIS, RELATION IS OF PAR-TIA PRCT L

IMPORTANCE, AND IT LLBE SHQOrft4IN GRAPHfrCAL 'FORM. IN SUBSEQJNt RCtpQRT

THAT ~THIS RPELAT4 IAGREES BETTERW-I:TH EXPERIMENT THAN#NHE CUSTO000Y

A PPROX IfAT 104 ASSUM ING 0 0 O

C. SOLrTION, FOR CONSTANT STRA IN. HARODWING:

IN THI1,S CASE'5

WHERE Eo, I~ A SLOPE ANALOGOUS TO '!Ht ORDINARY YOUWGS NODULUS.
ITHAT THE: EXPRE ISSIONS FOR , P4,* AWD wt WI LL OTI-

THE ;EXPRESSIONS` ComoUC BV ORYEDN NDRCNTN SfC0A

SFOR COMiPUTAT IONAL PURPOSES- IT IS OfTEN Or' CON 1tNIwlCE TO -aIO

RELATIO e,..asa-

SA N0ADAI ,1 PLASTIC 8lEHAV'IOR- OF METALS INK TWII * ~ V # S.
PART+, JURA OF AofP( PHSCSt-CoI9~

5 AS hfRE. D(FItNEDl atrwf I EAIU



SPCAL :CASE$ iN mMiCH: E& L- 0L. jIHUS* I T WILL StNECES6ARY -TO, COMPt$4t

THUS,, TO :S,. MUST48Et ADDED,~

vy ~f. ; ý: _T - (#b -e 1/2-

:WHENCE Sr pb: +AY[COSH(k : P1sL~~) +,j~p

P+ THEREFORE' 1IS GI1;VEN BY

P+##CS- COSH-Z(kl3

SIM ILARL'V THE N~EC.ESSRY' EXPRESSION TOý BE ADDED TO Ir* I1S

F* - + p ~b# tEp ., ~(2
-_y 

S Y *L

VIERE ýP IS GIVEN By (36)_~-

D0. THIN WALLED CYLI4NDERS:

cr, If BE PRESUMED THAJT WI TH A TH IN WALLED CY4JINDER- THE STRAIN DOES

NOT VARY MUCHý W1STH. R THEN THiE, A80_0 SOLUTION F'ORCONSTANT STRAIN:

HImARDEN[NGw IS APPLICASLE. ,

THIN, WALLED-.CYL INDERS.:MAY BE ANJALY ZED 'DIRECTLY FROM FIR$T ORDER
ýAPPROX !'MAT IONS TO T4'E ýGENERA PLASTite STRESS STAI EA SHWVR,

I IT IS -Q4 I E R D T A FO R. S UCH TU BES A LL , ST R E S E LS V AR IN E A R L Y '
ACROSS TH~ WALLP, IN4DEPENDENTLY OF -THE STRESS,: SPA IN. RELAT ON ;OF THE

tiMATEIL

SUPPOSE, VORý.S.1MPLICI Tf, TRO~T ýPb ~
THEJI, OBlVIO61SLY".*./

W-

AND'-FROM THE E 0iI LIBIR 1,11 L4.UAT'ION.dR

QI.A REDUCE TO TEU.AJOIR Q6LATMOILLAD 41tCH LKEWI



,~5 HI-iEZERO AT THE, CEjT ER O THE WL :Ff'.
:L'RV AXIUAL FOORCE. ýALSO 1 IN "(9) Y2 W*-2R * I'S 2 V VAT R

:HENCE THE- EXPRESSION

-2.0

4.OL E ToB~ INHER P~ASI OFNTE, VAND ANOTREATC N.IILB
(W 02 -

TOTHIS SOLUIONTE FROO NwLLOWINGASS~tjO2 WLL-EMAE

IA THE PCUSUR EXENL H LSIC CLNER I EO3b THE ONT:LYIREACTIONG BEYE1L TH T)CYIDER IRHA F

CTHE CLINGITUDINAL Nlk BE'TENONSý IN TH TWO YIDERSTAINCT
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